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Abstarct. Global population aging poses serious problems for government,
social protection spending, and healthcare systems. Human Activity Recognition
(HAR) is the foundation of Ambient Assisted Living (AAL) technologies, which
are becoming essential instruments for promoting independent living, lowering
healthcare expenses, and enhancing service provision. Although previous research
has focused on algorithmic performance, the legal, economic, and governance
aspects of HAR adoption—particularly in post-Soviet settings like Kazakhstan and
Central Asia—have received less attention. This study uses a multidisciplinary
approach to examine how HAR is implemented inside AAL frameworks. The
study combines cost-benefit modeling using demographic and healthcare data from
Kazakhstan, the EU, and China with an analysis of the literature published between
2015 and 2024 on HAR algorithms, legal regulation, and digital governance. When
algorithms are compared, CNN, LSTM, and hybrid models are more accurate,
whereas Random Forest and SVM are more affordable and practical for use in the
public sector. According to economic scenarios, full digitization results in savings
of up to 30% and a 20%—-30% reduction in hospitalizations, while partial HAR/
AAL integration lowers healthcare expenditures by about 10%. Legal examination
reveals weaknesses in algorithmic responsibility, liability, and privacy. According to
governance research, HAR technologies, when paired with open digital procurement,
can cut corruption in the delivery of social benefits by 15% to 20%. The findings
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suggest that HAR-enabled AAL systems ought to be viewed as governance tools in
addition to healthcare advancements. Integrating HAR with Digital Kazakhstan has
the potential to greatly improve public accountability, financial efficiency, and the
quality of eldercare in Kazakhstan.
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economics, legal regulation
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AnHoTtauusi: JlyHuexxysi XanKbIHBIH KapTarobl JCHCAYJBIK CakTay KyHemepi,
QJIEYMETTIK KOpFay OOIKETTEPI )KOHE MEMIICKETTIK OacKapy YIIIiH eJieyini Maceeep
TybiHAaranasl. Agam opekeTiH Tany (HAR) nerizinnmeri Ambient Assisted Living
(AAL) TtexHojorusiapbl TOyelnci3 eMip CypyAi KaMTamachl3 eTyre, JeHCayJbIK
caKTay WIBIFBIHOAPBIH a3aiiTyFa J>KOHE KBI3MET KOpCEeTy callachlH apTThIpyFa
OarpITTaFaH MaHbBI3ABl Kypangapra aiHanmyna. KonmaHbICTarsl —3epTTeynep
KeOiHece alropuTMIEP/IiH THIMIUTIrHE OachIMIBIK OepreHiMeH, acipece Kazakcran
MeH Opranblk A3usi CHAKTBI TOCTKeHECTIK KoHTekcTTepae HAR TexHomorusuiapbia
EHTi3y/iH KYKBIKTBIK, SKOHOMHUKAJIBIK ’KoHE OacKapylIbUIBIK aCIIeKTiIepiHe a3 Ha3ap
aynapbuibl. by 3epTTey moHapanbik ke3kapac TyprbicbiHan AA L kyitenepinne HAR
eHri3y epekuienikrepin Tanmaiapl. 3eprrey 2015-2024 xbuinapra apnanran HAR
AITOPUTMIIEPi, KYKBIKTBIK PETTey KoHe HU(MPIBIK Oackapy Typaisl 9aeOuerrepre
wonynbl Kazakcran, Eyponansik Onak sxoHe Kpitali enpepiniH aeMorpagusuibik
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KOHE JCHCAyJBIK CaKTay JepeKTepiHe HETi3eNreH WIBIFbIH-TIalia TajlaybIMeH
y#necrtipeni. AnroputMmaepal canbicThipMaibsl Oaranay Hotmwkecinne CNN, LSTM
YKOHE THOPHUATI MOJICNIBJIED KOFaphl AJIIKKE KOJ JKeTKi3eTiHi, an Random Forest
xoHe SVM MeMIIeKeTTiK CeKTOpAa KOJJAaHyFa SKOHOMHUKAJIBIK TYPFbIIAH THIMI
KOHE KONIAiIbl OOJNBIT TAaOBUIATHIHBI AHBIKTAIAbl. DKOHOMHKAIBIK MOJICIBACY
notmwxenepi HAR/AAL TexHomorusapblH KapThulail MHTErpanysiay JeHCAyIbIK
cakTay IWIBIFBIHAApBIH M1aMameH 10%-fa a3aiiTybl MYMKiH €KEHiH, aj TOIBIK
uudpnanapipy 30%-ra geliiH yHemMIeyre oHe aypyxaHara KaTkei3yabl 20-30%-ra
KBICKapTyFa MYMKIHJIK OepeTiHiH KepceTTi. KYKBIKTBIK Tangay nepoec AepeKTepain
KYNUSJIBUIBIFBL, JKayamnKepIIUlK >KOHE aJrOPUTMAIK ECEeNTUTK caalapblHIarbl
OJIKBUIBIKTAp/Abl aHBIKTaAbl. MeMIeKeTTiK Oackapy cajachlHOarbl HOTIKENEp
HAR TtexHonorusiapsl Menaip UUQPIBIK CaThI alylapMeH YHJIECKEH >Kariaija
QJIEYMETTIK TeneMaepi Oemyaeri ceioainac ;KeMKOPABIKTH 1 5—20%-Fa KpIcKapTyFa
MYMKIHIIK OepeTiHiH aifrakTaiinel. 3eprrey HoTmxkenepi HAR TexHomorusiceiMen
Kongay tankan AAL sxyienepin neHcaylblK cakTay CalachblHAarbl MHHOBALMSIIAP
FaHa eMec, COHzai-aK THiMai OacKapy Kypaaaapbl peTiHAe KapacThIpy KaXeT eKeHIH
kepceteni. Kazakcran ymin HAR xyitecin « {ngpasik Kazakcran» 6arnapiamacbiHa
EHri3y KapTTapFa KbI3MET KOPCEeTy canachiH, PUCKAIIBIK THIMUTIKTI JKOHE KOFaMIbIK
CCEeNTIIIKTI alTapiabIKTall apTTHIPYbl MYMKIH.

Tyiiin ce3gep: agamubeiH Oencenpinirin tany (HAR), kaprrap yiii (AAL),
MeMJIEKETTiK Oackapy, HH(pIbIK Tpanchopmanys, Cploaiinac KEeMKOPIbIKKA KapChl
mapanap, JleHcaynblk cakTay SKOHOMHUKACHI, KYKBIKTBIK PETTEY
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Annorauusi: CrapeHue HaceJeHUS BO BCEM MHUpPE MPEACTABIsET COOOM
cephé3Hylo mpobneMy Uil CHCTEM 3IpaBOOXPAaHEHHs, OIOIKETOB COLMAIBHOM
3alIUTHl U TOCYJapCTBEHHOro yrpasieHus. Texnomorun Ambient Assisted Living
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(AAL), ocHoBaHHBIE Ha pacro3HaBaHWM aKTUBHOCTH 4enoBeka (Human Activity
Recognition, HAR), cTaHOBsTCS KIIOYEBBIMH WHCTPYMEHTAMH Uil O0O€CleueHHs
HE3aBUCHUMOTO 00pa3a >KM3HH, CHIDKCHHS pPAacxofOB Ha 3/ApaBOOXpaHEHUE H
MOBBILIEHNS KauecTBa COLMAIBHBIX W MEIUIMHCKUX yciyr. HecMoTps Ha TO 4TO
B CYLIECTBYIOLIUX HCCIIEOBAHUSAX OCHOBHOE BHMMAaHHUE YJEISIeTCAd TEXHUYECKOM
spdextuBHOCTH anroputMoB HAR, BompocaMm mnpaBoBOro peryiupoBaHus,
SKOHOMHWYECKUM U YIIPaBIEHYECKHUM acleKTaM BHEAPEHHUs TaKUX TEXHOJOTHI
— 0cOo0EHHO B TIOCTCOBETCKMX CTpaHax, BKmiouas KaszaxcraH M rocyaapcTBa
HenTpanpHoit A3un — ynensieTcs 3HaYMTeIbHO MEHbIIle BHUMaHusA. B HacTodmem
nccinenosanuu BHeapenue cucteM HAR B pamkax konueniun AAL paccMarpuBaeTcst
C MEXIMCUUIUIMHAPHOW TOYKM 3peHusi. Pabora coweraer 0030p JUTeparypsl 3a
2015-2024 roas! no anroputmMam HAR, Bompocam mpaBoBOro peryiupoBaHus U
IU(PPOBOr0 TOCYIAPCTBEHHOIO YIPABJICHHSI C MOIECIMPOBAHUEM 3aTpaT U BBITO,
OCHOBAaHHBIM Ha AeMorpauuecKux U MEAULMHCKUX JaHHbIX 13 Ka3axcrana, ctpan
EBpomneiickoro coro3za u Kuras. CpaBHUTENIbHAS OLIEHKA A ITOPUTMOB ITOKA3bIBAET, YTO
ceeprounbie HeliponHbie cetd (CNN), LSTM u rubpuaabie Mojen 00eCeunBaroT
HanOOJBIIYI0O TOYHOCTh pAclO3HABaHMs, TOTNA KaK METOIbl CIy4aillHOro Jeca
nu SVM ormnuuaioTcst 0onee BBICOKOW DKOHOMHUYECKOW H(PQPEKTUBHOCTHIO H
TEXHOJIOTUYECKOM COBMECTUMOCTBIO JJIi BHEAPEHUS B TOCYAapCTBEHHOM
cexkTope. OKOHOMHUYECKOE MOJEIMPOBAHUE JEMOHCTPUPYET, UYTO 4YacTHYHas
uHTerpanus cucteM HAR/AAL MOXeT COKpaTHTh PacxoAbl Ha 3ApaBOOXpPaHEHHUE
npumepHo Ha 10%, a monHas nudpoBuzanuss — odecneyuTs dKoHOMUIO 10 30%
U CHM3UTh KoiuuecTBO rocnutanuzauuii Ha 20-30%. [IpaBoBoil aHanu3 BBIABUI
CYIIECTBEHHbIE MpOoOedbsl B 00macTH KOH(DUICHIMAIBLHOCTH TEPCOHAIBHBIX
JAHHBIX, PACIIPE/IENeHNs] OTBETCTBEHHOCTH M aJTOPUTMUYECKON MOAOTUETHOCTH.
Pesynbrarel nccnenoBanuii B cepe rocyaapcTBEHHOIO YNPABICHUs MOKa3bIBAIOT,
4yTO THpruMeHeHue TexHoimornii HAR MoOXeT CHU3HUTh YpOBEHb KOPPYHIIMOHHBIX
PHUCKOB MNpH paclpeiesieHHd COUUalbHBIX JbroT Ha 15-20%, ocobeHHo npu
COYETaHMU C MPO3PaYHBIMU LHU(POBBIMHU MPOLETYyPAMU TOCYAaPCTBEHHBIX 3aKYIIOK.
Takum o6paszom, cucremsl AAL Ha ocHoBe HAR cnenyeT paccmarpuBaTh He TOJIBKO
Kak MHHOBAIlMH B cepe 3ApaBOOXpaHEHUs, HO U KaK WHCTPYMEHTHI MOBBIILICHHS
3¢ peKTUBHOCTH rocynapcTBeHHOro ympasienus. s Kaszaxcrana wHTerpanus
HAR B undpactpykrypy nporpammsl «L{udpooii Kazaxctan» MoxeT CyIIeCTBEHHO
MOBBICUTh KayeCTBO YXOJa 3a MOXHIBIMH JIIOIBMH, YIYYIIUTh OIOIKETHYIO
3 PEKTUBHOCT, U YKPENUTh OOLIECTBEHHYIO MOAOTYETHOCTH TOCYAapCTBEHHBIX
WHCTHUTYTOB.

KiioueBble cioBa: pacrno3HaBanue yenoBeueckodd aktuBHoctd (HAR), moma
npecrapenbix (AAL), rocynapcTBeHHOE ynpasieHue, Ludposas TpaHchopmanus,
Mepbl 1o Ooprbe C Koppymnuuei, SKOHOMHKA 3ApaBOOXPAaHEHHS, MPaBOBOE
peryaupoBaHue

Introduction. Sustainable eldercare has emerged as one of the 21st century's
most urgent concerns due to the swift demographic shift towards aging societies. The
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World Health Organization (WHO, 2022) projects that by 2050, the proportion of
the world's population that is 60 years of age or older would surpass 22%. Alongside
this demographic change, there is a rise in chronic illnesses, a scarcity of medical
specialists, and mounting financial strain on social safety nets. The importance of
digital transformation in addressing these issues is highlighted by international
frameworks like the WHO Decade of Healthy Ageing (2021-2030), the European
Union's Digital Health Strategy, and the Sustainable Development Goals (SDG 3:
Good Health and Well-Being; SDG 9: Industry, Innovation, and Infrastructure).

Innovative technological solutions must be implemented to ensure the sustainability
and efficacy of support systems for older people in light of contemporary challenges
such as an aging population, an increase in chronic diseases, and a shortage of
healthcare resources. The idea of Ambient Assisted Living (AAL) gains strategic
significance in this regard. Information and communication technologies (ICT),
the Internet of Things (IoT), and artificial intelligence (Al) are used to improve the
quality of life for the elderly and vulnerable citizens (Guerra et al., 2023; Ma &
Zheng, 2019).

Human Activity Recognition (HAR) is a key technology in AAL that enables real-
time human behavior monitoring, fall detection, deviation detection, and emergency
response. Wearable technology, smart homes, remote monitoring centers, and
monitoring systems are all actively utilizing HAR algorithms. However, the safety,
health, and independence of users are directly impacted by the precision, flexibility,
and effectiveness of human activity classification (Zdravevski et al., 2020; Leite et
al., 2021).

The extensive use of HAR systems in AAL is linked to unclear legal, governance,
and economic issues, despite clear technological advancements. Human rights, data
privacy, and adherence to new laws like the EU Artificial Intelligence Regulation
(European Commission, 2021) are pressing legal concerns. The creation of standards,
interdepartmental collaboration, and the implementation of anti-corruption measures
in the context of digital procurement and citizen services are necessary at the level of
public administration (Garcia-Sanchez et al., 2019; UNODC, 2021).

This article aims to provide a thorough, multidisciplinary analysis of the use of
HAR in AAL environments, covering the following topics:

- The technological effectiveness of different algorithms;

- Legal risks and regulatory framework;

- Strategies for digital governance and anti-corruption efforts;

- An economic evaluation of the effects of HAR on public spending and social
infrastructure.

In addition to providing recommendations for the safe and sustainable
deployment of intelligent systems in the interests of the state and its citizens, the
analysis will support the directions for the development of policies and practices for
the digitalization of the social sphere.

This research is based on an interdisciplinary paradigm that combines digital
governance systems, technology innovation (HAR algorithms), and the ensuing

359 |@ ofe,




SCIENTIFIC JOURNAL OF PEDAGOGY AND ECONOMICS

socioeconomic effects. When included into Ambient Assisted Living (AAL), Human
Activity Recognition (HAR) functions as a governance tool to improve accountability
and transparency in public administration as well as a technical enabler of healthcare
optimization.

- The technical underpinnings for monitoring, anomaly detection, and decision
support in eldercare systems are provided by HAR Technologies (algorithms like
CNN, LSTM, Random Forest, and Hybrid models).

- The degree, to which technology breakthroughs may be securely and
successfully utilized, is determined by governance mechanisms, which include
institutional capability, anti-corruption oversight, and legal control.

- This engagement leads to a number of socioeconomic outcomes, such as lower
healthcare costs, better social budget allocation, more freedom for senior residents,
and more service delivery transparency.

- Themodel's policy recommendations emphasize the value of ethical governance
frameworks that are adapted to the Central Asian environment, national norms, and
public-private partnerships.

Therefore, the framework places HAR within larger discussions on digital
transformation and sustainable governance, highlighting its dual role as a healthcare
innovation and a tool for public administration.

Research Gap and Contribution. The legal, governance, and economic aspects
of implementation are rarely covered in the research that are currently available
on Human Activity Recognition (HAR) in Ambient Assisted Living (AAL),
which mostly focus on algorithmic performance. There is a dearth of research on
the application of HAR for social service budget optimization and anti-corruption
oversight, particularly in Kazakhstan and Central Asia, where institutional systems
and population aging pose particular difficulties. Furthermore, there aren't many
quantitative models that connect HAR/AAL integration to lower healthcare costs,
hospital stays, and state socioeconomic burdens.

This paper makes a contribution by providing a thorough, multidisciplinary
framework that blends economic modeling, legal analysis, technical evaluation,
and anti-corruption tactics. It creates cost-benefit scenarios for several degrees of
digitization, compares the effectiveness various HAR algorithms, and places the
results in the context of Kazakhstan and Central Asia. By doing this, the study closes
a significant research gap and offers useful suggestions for researchers, developers,
and policymakers, promoting sustainable eldercare systems and digital governance.

This paper provides a multidisciplinary examination of HAR deployment in AAL
ecosystems by combining technical, legal, governance, and economic viewpoints.
Among its particular goals are:

1. Evaluate the state of the art in HAR algorithms' technology.

2. Examine ethical and legal barriers, such as regulatory frameworks, privacy
concerns, and liability.

3. Analyze the financial effects of HAR/AAL integration on social and healthcare
spending in Kazakhstan and Central Asia.
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4. Examine HAR's potential as a governance instrument to improve openness and
lessen corruption.

5. Make policy suggestions for the socially just, safe, and efficient use of HAR in
public administration.

Literature Review. The use of machine learning and deep learning algorithms
for the automatic identification of routine activities and departures from the norm
is the main focus of current research. Convolutional Neural Networks (CNN),
Random Forest, Long Short-Term Memory (LSTM), and their hybrid models are
the most widely utilized (Singh et al., 2018; Leite et al., 2021). These algorithms can
accurately classify actions because they are trained on data from sensors (gyroscopes,
accelerometers), video streams, and audio (see Table 1).

The problems still include data variability, the requirement for a sizable training
set, computational complexity, and the models' limited ability to adjust to various
user groups, particularly in real-time scenarios (Zdravevski et al., 2020). The
extension of HAR in AAL presents significant concerns regarding liability in the
event of technical malfunctions or incorrect user activity interpretation, privacy
protection, and personal data protection (Villani et al., 2021). According to the
Artificial Intelligence Act that the European Union has proposed, HAR systems are
deemed high-risk and must undergo stringent conformance assessment processes
(European Commission, 2021).

Legal literature also highlights the issue of the lack of legal adaptation to new
digital surveillance methods and the ambiguity surrounding accountability among
families, government agencies, and providers (Alberts & van der Wees, 2022).
Smart government and e-health systems are incorporating HAR and other AAL
technologies. They are being carried out through social programs, subsidies, and
public procurement. Studies indicate that the application of Al and analytics can
enhance social policy decision-making, lower the risk of corruption, and increase
transparency (Garcia-Sanchez et al., 2019; Silva et al., 2023). However, if HAR
systems are not subject to independent oversight, there is a chance of "digital
authoritarianism." It is necessary to institutionalize decision auditing, transparent
algorithms, and ethical digital governance (Bianchi & Guidi, 2022).

Implementing HAR in AAL has several financial advantages, such as lower
inpatient care expenses, fewer hospital stays, and better chronic condition
monitoring (Guerra et al., 2023; Sun et al., 2015). According to calculations, the
increased efficiency of social services makes investments in AAL technologies pay
for themselves in three to five years (Ma & Zheng, 2019). The high upfront costs,
the requirement for infrastructure, and the dangers of digital inequality must all be
taken into account, though. Government support and standardization are crucial for
scaling solutions, as demonstrated by examples from Eastern Europe and Central
Asia (World Bank, 2021).

Methodology. A comprehensive review of the research on HAR, AAL, legal
regulation of Al, e-governance, and the economic effects of digitalization from 2015
to 2024. HAR algorithms are compared using meta-data from 15 publications. legal
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evaluation of Kazakh, UN, and EU regulations. A cost-benefit model based on data
from China, the EU, and Central Asia is used to evaluate the economic impact. A
comparison of popular machine learning and deep learning algorithms for Human
Activity Recognition (HAR) in Ambient Assisted Living (AAL) settings is shown in
Table 1. Key performance metrics like accuracy, computational complexity, real-time
capability, privacy impact, and cost-efficiency serve as the basis for the comparison.
These standards are crucial for assessing how well algorithms work in actual AAL
applications, particularly when there are deployment limitations in the public sector,
high privacy sensitivity, and limited computational resources.

Table 1 - Comparison of HAR Algorithms in AAL Systems

Algorithm Accuracy |Data Type Compu- Real-Time | Application

(%) tational Cost | Capability | Context
Convolutional 92.4 Video, Image | High Medium Fall Detection, Gait
Neural Networks Analysis
(CNN)
Long Short-Term | 89.1 Time series, Medium High Activity
Memory (LSTM) SeNnsors Monitoring
Random Forest 85.7 Sensor Data Low High Routine Monitoring
Support Vector 83.5 Accelerometer, | Low High Postural Change
Machine (SVM) Gyroscope Recognition
k-Nearest 78.2 Sensor Data Medium Low Simple
Neighbors (k-NN) Classification Tasks
Hybrid CNN- 94.8 Multimodal Very high Medium Complex Behavior
LSTM Recognition

As indicated in Table 1, deep learning approaches such as LSTM and CNN
have higher accuracy, but are computationally demanding, making them unsuitable
for low-resource situations or real-time responses. Traditional algorithms, such as
Random Forest and k-NN, on the other hand, are more cost-cffective and have less
privacy problems, making them more appropriate for public sector implementations
with limited budgets or infrastructure. The selection of an algorithm should thus
be influenced not only by technical performance, but also by legal, ethical, and
economic concerns.

The Artificial Intelligence Act (European Commission, 2021) classifies HAR
systems as high-risk, requiring tight compliance, data protection, and algorithmic
transparency (Garcia-Sanchez et al., 2019). Corruption concerns and technology
vulnerabilities are more prevalent in countries with less developed regulations.

HAR technologies serve to eliminate corruption in the control of social benefits,
cutting fraud by 15-20% (Silva et al., 2023; OECD, 2020). However, independent
audits and transparency are required.

Investments in HAR save the aged up to 30-40% on care expenditures and promote
their independence (Guerra et al., 2023; World Bank, 2021). The Kazakhstan model
shows annual savings of 2.5 billion tenge (Ministry of Health, 2023).

The incorporation of HAR into AAL systems is a promising step towards improving
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the quality of life for elderly people and individuals with disabilities. However,
successful adoption of these technologies necessitates a complete approach that
includes legal control, secrecy, anti-corruption measures, and economic efficiency
assessments.

- Create and implement regulations for the use of HAR in AAL.

- Protect personal data and respect human rights when utilising HAR.

- Use HAR to improve openness and efficacy of government social support
programs.

- Evaluate the economic impact of HAR implementation and encourage
investment in relevant technology.

- Create instructional programs for specialists in HAR and AAL.

The Financial Cost of an Aging Population. One of the major issues of the
twenty-first century is the aging of the population. WHO (2022) projects that by
2050, the percentage of adults over 60 will surpass 22% worldwide. In 2025, 8.5%
of Kazakhstan's population was 65 years of age or older; this percentage is expected
to increase to 12% by 2035 and 18% by 2050 (World Bank, 2021; Kimatova et
al., 2025). This pattern puts more financial strain on social services, healthcare, and
retirement. Research demonstrates that, in comparison to institutional care, home-
based aging lowers per-capita expenses (Kok et al., 2015).

Table 2 — Economic burden of the aging population

Indicator Kazakhstan Forecast 2035 Forecast 2050
(2025)

Share of elderly 65+ 8.5 % 12% 18%

Government healthcare | 100 140 180

expenditures (bln KZT)

Life expectancy 74 years 77 years 80 years

Models of HAR/AAL Implementation's Economic Efficiency. The technologies
HAR and AAL exhibit remarkable economic efficiency. The budget can be saved by
about 10% with partial digitization and up to 30% with complete integration (Zheng
etal., 2021; Rigas et al., 2020). Economic analyses show that home-based monitoring
systems dramatically lower hospital expenses and hospitalizations (Schneider et al.,
2019).

Table 3 — Comparative economic effect of HAR implementation

Scenario Expenditures (baseline=100) | Hospitalizations | Budget savings (%)
reduction

No HAR 100 - -

Partial digitalization | 90 -15% 10%

Full integration 70 -30% 30%

Result. Hospitalizations can be decreased by 20-30% with remote HAR
monitoring (OECD, 2020; Alam et al., 2021). Scalability is improved by self-
supervised models (Yuan et al., 2024). Aging-in-place techniques lower long-term
expenses while enhancing well-being (HUD User, 2013).
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Recent advancements include adaptive CNNs that lower energy requirements
in edge devices (Rashid et al., 2021), dual-channel networks that achieve >99%
accuracy (Xu et al., 2025), and multi-view HAR systems (Al Farid, 2025). HAR is
now appropriate for real-time eldercare applications thanks to these enhancements.

Through employment, volunteerism, and intergenerational support, active aging
boosts GDP (Kosters, 2022). AAL and HAR maintain social capital, lessen infirmity,
and promote independence.

In 2025, the AAL market is expected to be worth $15 billion in Europe and $12
billion in Asia, with a compound annual growth rate of 8—12% (Health Economics
Review, 2023). State support might propel growth to 15% yearly in Central Asia
(~$0.2B) (Ranieri et al., 2021). Practical efficiency is demonstrated by reasonably
priced AAL fall detection systems (Thakur & Han, 2022).

Table 4 — AAL technology market (global and regional)

Region Market size (2025,$B) | CAGR to 2030 | Drivers

Europe 15 8% Population aging, programs
Asia 12 12% Urbanization, income growth
Kazakhstan & CA |0.2 15% Digital healthcare, support

High upfront expenses, digital disparities between rural and urban areas, and
cybersecurity threats are among the difficulties (Diraco et al., 2023; Chen et al.,
2018). In situations with limited resources, adaptive HAR models (Rashid et al.,
2021) improve viability.

Government backing is essential: Asia uses public-private partnerships, while
EU initiatives finance the implementation of HAR/AAL (EC, 2021). A nationwide
program for digital eldercare is necessary in Kazakhstan (Lin et al., 2021). The
UNODC promotes ethical governance (Silva et al., 2023), the OECD promotes
openness (OECD, 2020), and the World Bank supports digital health (World Bank,
2021).

Table 5 — Costs and benefits for Kazakhstan

Indicator Current model HAR+AAL | Economic effect
Elderly care expenditures (bln KZT) | 100 70 -30%
Hospitalizations/year 200,000 140,000 -60,000
Socio-economic participation Medium High +15%

Thus, the economic burden of the ageing population in Kazakhstan and Central
Asia poses a serious challenge to the sustainability of state budgets. However, the
introduction of HAR/A AL technologies can change the trajectory of the development
of the healthcare and social protection system, ensuring a balance between costs and
quality of care. The experience of developed countries and new studies confirm that
digitalization of care for the elderly is not an expense, but an investment in the future.

Discussion. The results of this study demonstrate that there are substantial social
and financial advantages to integrating Human Activity Recognition (HAR) into
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Ambient Assisted Living (AAL) systems. The cost-benefit scenarios specifically
show that complete digitization can lower hospitalizations by 20—30% and healthcare
costs by up to 30%. These findings show unique regional dynamics for Kazakhstan
and Central Asia, but they are also in line with earlier research conducted in the
US, China, and the EU. Strong legislative frameworks like the Artificial Intelligence
Act (European Commission, 2021) and substantial public funding through Horizon
programs have made it easier for the European Union to implement HAR/AAL.
Strong data protection measures and quick payback periods (three to five years) are
highlighted in studies done in Germany and the Netherlands (Lin & Cheng, 2021;
Guerra et al., 2023). However, stringent legal scrutiny and hefty compliance costs
impede experimentation and burden healthcare providers with administrative duties.

Research conducted in the US has emphasized the contribution of private insurance
incentives and market-driven innovation to the implementation of AAL. Although
there are differences between states due to the lack of consistent federal legislation,
pilot projects have shown significant decreases in hospitalizations and institutional
care expenses (Sun et al., 2015; Singh et al., 2018). Similar to the issues raised
in this paper, privacy disputes and consumer trust continue to be major obstacles
(Villani et al., 2021). The promise of centralized coordination is demonstrated by
China's extensive use of HAR in smart city and smart healthcare projects. Significant
efficiency gains in monitoring chronic diseases and caring for the elderly are the result
of government programs that encourage rapid scaling and infrastructure investments
(Ma & Zheng, 2019; Yuan et al., 2024). However, worries about algorithmic opacity,
spying, and a lack of public scrutiny raise ethical governance issues and emphasize
the significance of institutional checks and balances (Bianchi & Guidi, 2022).

In light of this, state-led digitalization initiatives like Digital Kazakhstan have
defined Kazakhstan's and Central Asia's unique course. Kazakhstan blends aspects of
centralized control with incremental policy experimentation, in contrast to the US's
market-driven system or the EU's compliance-heavy approach. According to the
study's findings, HAR/AAL technologies can be used as both healthcare innovations
and tools for anti-corruption oversight in the distribution of social benefits. This is
especially important given the governance context of the region (Garcia-Sanchez
et al., 2019; OECD, 2020). However, tackling the problems of digital inequality,
accessibility in rural areas, and long-term institutional capacity will be necessary for
successful expansion.

Overall, the comparative viewpoint shows that although Kazakhstan faces the
same global issues as the rest of the world, such as aging populations and budgetary
limitations, it also has the chance to lead the way in governance-oriented HAR
applications that improve public administration's cost-effectiveness, accountability,
and transparency.

Limitations and Future Research. It is important to recognize that this study
has a number of limitations despite its contributions.

1. Central Asia has little statistics information. In Kazakhstan and its neighboring
states, trustworthy data on hospitalization expenses, geriatric care, and socioeconomic
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involvement are still dispersed. This limits economic modeling's accuracy and
emphasizes the necessity of gathering regional data in a more methodical manner
(World Bank, 2021; Kimatova et al., 2025).

2. Disparity in digital access between rural and urban locations. Stable
connectivity, sensor infrastructure, and skilled workers are prerequisites for HAR/
AAL solution deployment, and these are easier to find in metropolitan areas than in
rural ones. To prevent socioeconomic divisions from getting worse, future initiatives
should specifically address these discrepancies (Diraco et al., 2023).

3. The necessity of long-term pilot initiatives. The cost-benefit models used
in current research are short- and medium-term, and a long-term assessment is
necessary to ensure the sustainability of HAR adoption. Pilot projects funded by the
government and lasting at least five to ten years would offer more convincing proof
of the socioeconomic impact, institutional adaptability, and user acceptance (Lin et
al., 2021; Rashid et al., 2021).

Future studies could examine user views of HAR technologies, broaden cross-
country comparisons within Central Asia, and assess how digital governance, ethics,
and healthcare innovation connect. The development of a comprehensive framework
for the deployment of HAR in evolving governance systems would also require
interdisciplinary cooperation between engineers, legislators, and legal authorities.

Conclusion. In order to address the demographic, economic, and governance
issues related to population aging, this study has shown that the incorporation of
Human Activity Recognition (HAR) technology into Ambient Assisted Living
(AAL) systems holds revolutionary potential. Several important insights are revealed
by approaching the problem from a multidisciplinary perspective, integrating
viewpoints from public administration, technology, law, and economics.

First, the technical efficacy of HAR algorithms in real-time monitoring, fall
detection, and anomaly recognition is confirmed by a comparative comparison.
Traditional techniques like Random Forest and Support Vector Machines continue to
be more cost-effective and are therefore suitable for situations with limited resources,
even when deep learning models like CNN and LSTM attain higher accuracy.

Second, from the standpoint of governance, HAR-enabled AAL systems can
serve as tools for both improving healthcare delivery and promoting openness and
anti-corruption supervision in the allocation of social services. This is especially
important for Kazakhstan and Central Asia, where corruption risks and institutional
capability continue to be major policy issues.

Third, according to economic modeling, HAR/AAL technology adoption can
result in considerable long-term budgetary savings, a 30% reduction in healthcare
costs, and a 20%—30% decrease in hospitalization rates. Additionally, by encouraging
independence, active aging, and socioeconomic engagement among senior persons,
HAR systems support social capital and economic resilience.

However, ethical and legal concerns must be addressed for deployment to be
successful. Robust regulatory frameworks are necessary to handle the risk of digital
inequality, algorithmic transparency, data privacy, and error liability. Sustainable
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deployment is only achievable when technological innovation is enshrined in well-
defined legislative standards and robust institutional monitoring, as the experiences
of the US, China, and the EU show.

The study's findings indicate that HAR/AAL should be viewed as a tool for
governance reform as well as a health innovation in Kazakhstan. The creation of
a national HAR/AAL program, bringing legislative norms into line with global
frameworks like the EU Al Act, investing in digital infrastructure in rural areas, and
institutionalizing independent audits to guarantee accountability should all be top
policy priorities.

HAR-based AAL systems, in summary, offer a strategic route to sustainable public
administration rather than only technology answers to the ageing problem. When
managed well, they provide a unique opportunity to achieve cost-effectiveness,
better treatment quality, increased social participation, and increased institutional
openness. In order to build on these findings, future research should broaden cross-
country comparative studies, conduct long-term pilot projects in Central Asia, and
further analyze ethical governance in Al-driven eldercare systems.
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